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PREFACE 


A diepoxida  Is  an  organic  ccapound  in  ahich  there  are  two  epoxy 
rings.  According  to  the  liitexnatlonal  UxLon  of  Choilstrsr  (I.U.C.)  and 
the  Cheadcal  Abstracts  (C.A, ) systeos  of  ncxamclatTire,  the  word  "epoa^r" 
is  used  to  (teslgnate  a ring  of  any  slse^  consisting  of  one  oxygen  atom 
joined  to  two  carhon  atoms  tOtinately  or  directly  joined  to  each  other 
to  form  an  otherwise  Isoc^elic  conpoond  not  so  readily  named  In  some 
other  way.  The  c<n9>ound  below,  for  esuo^le,  would  be  called  l,U-epaxy~ 
naphthalene  according  to  each  of  the  above  aystesss 
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m this  dissertation,  however,  the  term  "epoay*  is  limited  to 
mean  the  ring  formed  when  adjacent  oaxbm  atoms  which  aim  directly 
attached  ly  a single  bond  are  linked  together  throTxgh  an  ooQTgon  atom. 
The  epoay  ring  is  thus  lynonoaons  with  the  oalrane  ring,-C  — C-, 

o ^0^ 

Such  terms  as  dL-chlorohydrin,  dl-br<aiohydrin,  and  di~halo> 
hydrin  are  hyphenated  to  denote  the  existence  of  two  separate  halo- 
hydrin  structures  in  the  same  molecule  and  to  avoid  the  confusion 
Introduced  ly  an  unhyphenated  w«apd  like  "dichlorohydrln,"  which  my 
mean  a chlorine  atom  on  each  side  of,  and  adjacent  to,  a hydroxyl 
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group,  as  In  glycsorol  dlcltloroliydrln,  CR2~^~^2 

Cl  <H  Cl 

The  oonoon  terns,  "allylle*  and  *'Tin7lic*  are  used  vhere  thegr 
are  ess«itial  to  bring  oat  differaoees  of  straeture. 

nth  req[>eet  to  olefins  and  dLolefins,  hoserer,  the  temlnolog7 
and  nonenolature  naed  in  this  dissertation  ccnsfom  to  the  I.U.C,  rules. 
Ihsertlons  of  coanon  nanes  are  node  paxenthetlcallsr  because  of  their 
g«neral  acceptance.  In  those  cases  shore  structure  has  nerer  been 
proved,  the  nans  originally  assigned  has  been  retained. 

The  ataBde  refiTactlow  used  as  a basis  for  calculation  of  ^le 
atcaalc  refractlvity  of  the  epcoQr-<3ayg«n  hare  bean  obtained  tram,  the 
revised  data  of  both  BLsenlotxr  and  Vogel,  In  the  case  of  very  pure 
paraffins  and  cyeloparafflxu  it  has  beat  ftnmd  that  Vog«l*s  data  gives 
sli^xtly  bettor  results  than  ElsenlcAr's.  Hoserer,  both  are  sell  sith- 
in  the  Units  error  introduced  by  (1)  differences  in  polarisation 
of  the  electrons  in  the  vasrious  configorations  of  isoneric  eoapounds, 
(2)  errors  in  the  detexvinaticm  physical  constants  due  to  traces  of 
Inpurlties  in  the  coq;>ounds,  and  (3)  the  tesporature  of  the  detemina~ 
tlon.  (increase  in  temperature  xumally  causes  increase  in  nolar 
refiraction, ) 

As  is  custonaiy  in  resoardx  reparte,  all  toaperaturea  refer  to 
the  centigrade  scale.  Therefore,  its  sysbol  is  omitted.  Teo;>erattre 
readings  hare  been  nade  on  themoawters  standardised  several  tines 
against  sets  of  Anschuts  themoaeters  calibrated  by  the  Bureau  of  Stand- 
ards. teleas  otoopsise  indicated,  toiperature  readings  are  at  atmos- 
pheric pressure. 
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f^aotiotiatiaa  presanires  ver*  determined  ly  « Zimerli  geuge 
calibrated  at  $,0  mou  Hg.  agydnat  a modified  lieLeod  gauge. 

Ihasmodi  as  the  literature  deaorlptiona  of  atTntheses  of  diepoK- 
idae  are  lacking  In  acm  easaitial  points,  the  method  of  pr^iaratioa 
of  the  diepoxides  used  in  this  investigation  is  given  In  detail. 

The  oannsr  of  listing  references  is  the  custcaaxy  one  for 
scientific  reports.  Journal  abbreviations  are  as  used  in  Cheadcal 
Abstracts. 
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CHAPTER  I 


INTRODUGTiai  AND  RETIBN  OF  TOE  LITERATORE 

This  x^seajreh  project  eas  directed  toward  the  determination  of 
the  atomic  refractiYity  of  oxygen  epeeiflcally  in  the  eponQT  ring. 
Hitherto  the  value  for  (UQrgen  in  linear  ethers  has  been  used,  because 
no  greater  loss  of  accuracy  has  resxilted  than  occurs  due  to  chain  isom- 
erism or  to  teoperature  of  the  detenalnatlon  of  the  density  and  refrac- 
tive index,  as  mentioned  in  the  Preface.  However,  since  the  epoxy 
ring  has  only  three  s«d>er8,  all  bonds  therein  might  be  expected  to  be 
somewhat  strained.  Blng-strain  is  the  only  obvious  reason  for  the 
much  greater  reactivity  and  lower  stability  of  epoxides  as  compared  to 
ethers.  The  noraal  bond^angle  of  oxyg«i  in  ethers  is  100->UO°,^  where- 
as  the  corresponding  angle  in  epcoQralkanes  is  60-70^«  De  lM.es 
Robles^  has  pointed  out  that  the  three  atoms  of  the  epoi^  ring  lie  on 
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the  same  plane,  so  it  is^unllktiy  that  the  angle  fonsed  by  the  carbon- 
ooygen  and  the  earbon-earban  bcxids  is  over  60°.  Obviously,  all  the 
elements  in  the  epoxy  ring  are  Joined  by  strained  bonds.  Refractive 
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index  depends  upon  the  fire<iueney  of  vibration  of  electrons,  including 
those  forming  bonds,  in  4 molecule  which  has  been  struck  by  lij^  waves 
of  a definite  length.  Therefore,  differences  in  the  degrees  of  con- 
straint of  the  electrons  forming  corresp<mding  brands  in  epcoddes  «md 
in  ethers  most  be  reflected  by  differences  of  bond  refractions  in  epox- 
ides and  in  ethers.  Theoretically,  the  use  of  ether-oxygen  atoade 
refi*aetion  (Eisenlohr,  et  al^  or  ether  carbraxn^gen  bond  refraction 
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(Vogel^*^)  for  «poaor^<xxygm  atoodc  or  bond  refractions  is  erroneoos. 

The  idea  has  long  been  entertained  that  the  struetxDre  of 
organic  aoleoules  is  indicated  sme  relatiemShip  of  tlMir  pi:Qrsical 
constants,  with  each  constitnent  of  the  aolecole,  shether  aton  or  link- 
age, contributing  a certain  aiaount  to  the  total  value  of  the  relati<xi- 
Ship  shown  by  the  anlecole.  Thus  the  relati(nuihip  would  be  both 
additive  and  ccxistittitive.  lopp^  first  discovered  two  such  relati<Hi- 
^ps  In  terns  of  increase  of  boiling  point  and  of  molecular  voltae, 
l^d,  resulting  from  insertion  of  a methylene  group  in  a homologous 
series  of  cc»q)oands*  Berthelot^^  later  showed  that  increase  In  boiling 
point  is  not  constant  even  in  a homologous  series;  therefore,  it  was 
not  a good  basis  for  estimaticm  of  structure*  He  wade  an  extensive 
sear<A  for  relationships,  including  boiling  points,  specific  volumes 
and  heats,  heats  of  cooimstlon,  and  a factor  by  whldh  the  molecular 
volume  could  be  miltiplied  to  give  fair  indications  of  the  structure 
of  c<xq>ounds.  His  last  relationship,  molar  refraction,  was  R5(i^-l)H/d, 
The  refractive  indexes  were  determined  in  irtiite  li^,  which  alloeed 
an  accuracy  of  IQT^  unit,  althou^  DeviUe^®  loeriously  observed  that 
accuracy  to  the  10^  unit  demands  use  11^  of  specific  wave  lengths. 
Bertholot  calculated  the  group  refTactivity  of  a methylene  group  with 
an  average  error  of  about  3 per  cent.  Later,  Gladstone, 

l^lner^  determined  BK>lar  refractivities  at  a specific 
wave  length,  finally  using  the  equatl<m,  average 

error  in  calculation  of  the  group  refTactivity  of  a methylene  group  was 
1.5  per  cant.  After  Lorenta^  and  L,  Lorena^^  published  their  theoret- 
ical trea-toents  of  molar  refracti<m,  Landolt^'*®  recalculated  atondo 
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refractions  baaed  on  the  Lorens<4iorenta  eqoatlOT,  ^ s • 1 M 

ni|  2 d 

lAleh  is  still  used.  The  theoiy  of  refraotiritgr  and  its  relationrixLp 
to  dieleetidc  constants  are  giTm  in  esezy  book  on  general  {dy'sieal 
(^wolstzyi  in  addition  th«re  ore  several  extenslYe  treatises^^ 
available,  so  the  subject  sill  not  be  discussed  here. 

The  field  of  dLepozidation  has  be«i  only  cursorily  e^qplored, 
considering  the  length  of  tin  that  dLepoaddation  has  been  knoen.  Only 
about  tselTe  dLepoxidas  are  knosn,  and  these  have  no  relation  to  each 
other. 

The  first  diepoxide,  l,2;3>U~diepo«ybutane,  vas  aade  by 
Prxybytde^^  in  l88lt  by  the  treataent  of  l,U<Hiichloro>2,3'‘difaydro3y> 
butane  in  etiier  sith  powdered  potassium  hydroxide.  The  existence  of 
cis-trans  Isomnrlaa  in  the  dieponyalkane  series  was  proved  by  (briner 
(1893)^  when  he  dri^STdrcAialogauted  the  IntHBobydrins  obtained  frtxa  the 
two  isomerle  l^lt-dibroBM>-2,3<‘4>utenes.  Priybyt^^  closely  foUosed 
his  vtoric  on  dlepoxybutane  with  the  preparatioi  of  l,2|5,6-4iepoayhaK- 
ane  by  dehydrohalogmatl<m  of  l,6-diohloro>2,5*<iihydraxyhexane.  He 
found,  as  did  the  writer,  that  the  di<-<daorohydrin  could  not  be  dis- 
tilled without  deeonposition.  Final  purification  of  the  diepoxide 
required  hydration  of  'ttie  ex*ade  material  almost  to  the  eposy— gplycol, 
filtration  of  tha  aqueous  solutim  firwa  the  chlorinacotts  iaqjority,  ccav- 
cantration,  and  slow  vacuum  didydratioa  in  a desiccatcn*  back  to  the 
diepoxide.  The  yields  of  pure  material  were  quite  scanty,  as  would  be 
expected.  Bigot^  (1891)  obtained  a compound  closely  hihti  to  1,2|5,6- 
diepoixyltexaiM  ly  a Hurts  reaction,  using  ^pichlorobydrin  and  sodium. 
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Althoo^  his  conpound  had  an  aapirloal  fcnnula  of  Its  specif- 

io  grarlty  saa  too  Xov  axul  it  boilsd  2$^  below  the  true  dlepoKlde 
reported  Prsytgrtek.^^  The  writer  has  prepared  l,2|5,6-diepox7tex> 
ane  whieh,  althoai^  prepared  by  a different  oethod,  eorrespcmds  to 
that  reported  by  Fn^ytytc^.''*'  The  struetrire  of  Bigot* s eospoond  is  now 
being  inrestlgated. 

IMydrohalogenatioi  was  used  also  by  Duden  and  Lenne^^  to  pre~ 
pare  2,3jU»5-dlepoiyhexane. 

In  19099  however^  a new  aethod  of  epooddation  was  published, 
one  idiieh  circoaaents  faroation  of  halogen  ecnapounds  which  lat«r  ai^t 
caataalnate  the  dl^>oxlde.  Prileshaer^^^®  described  the  use  of  per- 
bensoic  acid  to  epoxldiae  directly  the  unconjugated  double  bonds  of 
terpenes.  This  aethod  not  <mly  gives  a purer  product  but  also  is  much 
faster  and  aore  convenient.  ^ it  Prileathaev^*^^  aynthesiBed  1- 
asth7l'*l,  2-epaaqr*44‘>(l«4Betbyl— l,2«epaacyetbyl}cyclohaxane  jl— limonene 
diepoxids] . Idppaann^^  was  actually  the  first  to  use  pertwnaole  acid, 
but  his  aethod  did  not  give  a aaooth  reaction  and  the  yield  of  epoxide 
was  low.  Paul  and  Tchelitchefl^O  slidlarly  obtained  l,2|U,5-diepo{xy- 
pentane.  Bauer  and  B&hr^  obtained  the  dioxide  of  l,l'-de!y^dro 
di(cyclopentadiene-l,3)  but  failed  with  cyclopentadiene-1,3.  Bedos  and 
Royer  prepared  the  dioxide  of  cyolohexadieoe->l,3  in  hi^  yields.  Ih 
the  saae  year,  1932,  Ifeiscat  and  Herraan^  piepared  the  dLoxide  of  cie- 
ph€nylbutadiene->l,3  • 

Other  organic  peracids  can  also  be  used  as  epoxidiBing  agents. 
Karrer  and  Juckor^*  used  perph^iallc  acid  to  diepoxidise  (3  '-carotene. 


No  lasntlon  was  aade  of  an  attend  to  8at\irate  all  the  doable  bonds* 


Sait,^  and  Seem,  et  ham  described  the  xise  of  peracetic 

acid  in  anhydrous  acetic  acid  to  isrepare  epoxies  of  mtmoolefina,  hi^ 
nolecolar-eeight  fatigr  acids  and  vegetable  oils*  A diepoxide  of  2- 
■etbsrl-6>«eth7lene-4(,7'<octadiene(iByrcene)  eas  obtained  by  treatnraat 
elth  pexacetio  acid  in  ether*^  Axbusor  and  lELc^tailor?^  were  able  to 
dapUcate  the  ^Tnthesis  of  levo*lHieUQrl~l,2«^xay<-lt^l<4iettayl-'l,2<- 
epoxyethyl  }cyclohexane, 

AlkaliJM  hydrogen  poroxide  eas  used  by  Adaas  smd  Hers^^  to 
give  'Uie  dioxide— ^ssibly  the  dLepoxide— of  helmalin  acetate* 

DiepoxLdes  have  also  been  obtained  as  by-prodaets,  in  traces, 
firoB  other  reactions,  Bratn  and  reported  tiie  isolation  of 

vexy  saall  aaounts  of  l,2{$,6«»diepoayhexatte  and  l,2$8,9-dieposynonane 
from  the  acid^insoloble  poa*ti<ms  of  the  silver  nyfd*  decoo^iosition 
products  of  l,6-dlhydroxy*^,5-di(l-piperidino)  hexane  and  1,9- 
dilydroa7-2,8-di(l-piperidlno)  nonane. 

Honoepoxides  have  been  obtained  tvom  the  aizMnddatlon  of 
olefins  and  fX*oa  the  ddiydratlan  of  glycols*  However,  no  exaoples  of 
dlepoaidatiaD  by  one  of  these  aethods  are  to  be  found  in  the  literatTire* 
The  nomal  coarse  of  oxidation  of  an  olefin  by  an  organic  per- 
acid  yields  an  epoxide,  a glycol,  or  a nono-  or  dl-ester  of  the  glycol. 
However,  the  literature  ccxxtalns  naiy  reports  of  such  (nldatlcsns  lead- 
ing to  the  foraaticn  of  other  types  of  conpound,  such  as  aldetydes,^^"^*^ 
ketones,  acids,^^  unsaturated  aleohols,^^"^^  and  hetero<yclic 
derivatives 

• Knowledge  of  the  nodern  ccmception  of  how  an 

organic  peracid  oxidises  an  organic  c(»poand  asy  prove  Interestixig— 
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even  vltal<i~to  a person  conteiaplatlng  the  use  of  a peraeid.  Presum- 
abljT,  organic  peraclda  react  according  to  the  same  nechaniaa.^  The 
aoti(m  of  the  lower  meabere  such  ae  peracetic  acid  eeens  to  be  more 
complex  than  that  of  the  hi^er  members  such  as  perbensoic  and  per- 
phthalic  acids, 

Svern*  s explanation^^  of  the  reaotim  mechanism  bgr  idiioh  the 
peracids  act  is  based  on  the  oonelusiai  that  they  are  sources  of 
active^  electrophilic  oxygen.  Compounds  having  a region  of  electron 
density  such  as  a doable  bond  react  irlth  the  active  oxygen  at  a rate 
proportional  to  the  density  of  electrons.  The  reaction  of  an  olefin, 
such  as  propene,  with  a peraoid  may  be  represented  In  the  following  irayi 

RC  -0-OH  RC'-OH  4.  0 

H H " H E 

CH^  ♦ C = CHg  ^ ®3  J -J®2  CHj  C - CHg  — CH3C  - CHg 

* -0  ^0^ 

The  epoxide  may  or  may  not  be  the  final  product,  depending  tpon  its 
stability,  the  reaction  ccmdltions,  and  the  peraeid  eB5>loyed,  Su<* 
electron-attracting  sabstituents  as  carbonyl,  caiboxyl,  or  ester  groups 
decrease  the  electron  density  at  a double  bond,  especially  if  conjuga- 
tion of  double  bonds  occurs,  with  the  result  that  the  reaction  la 
either  slowed  down  or  entirely  stopped. 

The  above  I'eaction  mechanism  was  sli^tly  modified  by  Roitt 
and  Waters^^  to  explain  the  results  which  they  obtained  in  the  oxida- 
tl<m  of  hitler  aromatic  hydrocarbons  by  perbensoic  acid.  Oxidation, 
ultimately  to  carboxyl  groups,  occurred  not  on  the  centers  of  double 
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bond  character  as  estimated  by  Patvling  but  on  the  carb<Ki  atoas  neaiwt 
the  axis  of  the  aronatic  skeleton.  Both  anthracene  and  9HBethylanthra- 
eene,  ooddleed  for  six  days  at  (P,  yielded  anthraquinone.  The  seoha- 
nism  ehich  these  inrestigators  assumed  is  illustrated  below: 


H H H \ 

Cv  C G \ 

HC  G C GH 
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HC  C C ^CH 
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I II  I I 

E OB  H 
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H V H 

C C C 

HC  C C (31 


HC  c.  c^  ca 

H 6 H 


The  substituents  in  the  9»10-positi(m8  of  these  hydrooarb<»is 
became  hydrogen  ions  or  charged  methyl  radLcals.  The  hydrogen  i<ms 
reacted  with  the  peroxide  osgrgen  (assumed  by  9wem^^)  to  becoae  electro- 
philic hydroxyl  groups.  These  electrc»i-poor  hydro::grl  groups  reacted 
with  the  electron-rich  carbon  atoms  in  the  9»  10-positions,  to  form 
anthraquinol  with  both  anthracene  and  its  9-methyl  derivative.  Anbhra- 
quinol  is  easily  oxidised  to  anthz*aquinone  by  air.  Some  anthraquinone 
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may  been  foraed  by  direct  action  of  peroxide  oxygen  <»  the 
electron-rich  9,10-caxbon  atans. 

Hicklnbotton  and  Byer^**“^^*^  treated 
and  2,UjU-triaBthylp«»tene-l  eith  peracetic  acid  and  obtained  a 
'farlety  of  prodnota.  On  farther  atud(y  of  the  oxidation  of  2,UfU** 
triaetl^lpentmie-2  ifith  Tarioos  agents  and  reaction  emrironmenta  thagr 
Isolated  and  identified  coapounds  stich  as  an  allylic  alcohol,  2,hthr 
trl*ethyl-3-by^i**a^rp«tene-l}  a cyclic  diether,  2,2,5, 5-^traaethyl-3, 
6-(l,l-dlii»tbyletbyl)-l,U*^o(xane}  and  a small  aaoant  of  an  aldebyde, 
2,2,3,3-tetrametbjrlbatanal,  in  addition  to  the  expected  glycol,  2,U,U- 
trlaBtlylpentanediol-2,3.  The  othw  oct«ie  derivative  reacted  walo- 
gously.^^  The  f«raation  of  these  onexpected  conpoonds  led  Rickin- 
bottoo^^  to  seek  in  the  literature  an  oxidation  system  known  to  yield 
coapoonds  of  the  types  whidi  irare  identified  in  his  laboratoxy*  The 
oxidation  of  olefins  by  molecular  osygen  is  known  to  cause  the  forma- 
tion of  epoxides,  allylie  alcohols,  bimolecular  oiQrgen  coa^xninds,  and 
traces  of  carb<»yl  ccmqxyunds.  If  (ndldation  by  peradds  is  assumed  to 
operate  hy  a vexy  similar  mechanism  to  that  by  molecular  oxygen,  thm 
peracids  should  yield  compounds  homologous  to  those  cited  above,  and 
it  may  be  argued  that  opening  of  the  epoxide  ring  instead  of  tbs 

moloxide  ring,  '^^e  fonuitian  and  dec<»qpositi(»  of 

0-0 

peroxides,  ml^t  be  the  reas(»i  for  the  fcnnaaticm  of  the  allylie 
alcohols,  bimolecular  ooygen  compounds,  and  caibonyl  eospounds*  The 
fomatian  of  the  products  obtained  firom  the  oxidation  of  an  olefin  by 
molecular  oxygen  according  to  the  theory  evolved  hy  Hidlnbottoai*s 
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can  be  represented  as  follows t 


H2 


H, 


B H 


H 


* 


Bo  decision  on  the  explanation  for  the  appearance  of  cartxsi^yl  compounds 
was  found  in  the  references,  and  Hickinbottoa  also  failed  to  explain 
lAff  2,2,3>3-*tetraaetl]Qrlbttbanal  was  t)M  carbonyl  c<»;)ound  which  was 


foraed  ty  the  oxidation  of  2,U«U-triaethylpentene-^. 

Hickinbottom*s  theoay^^  of  the  formation  and  subsequent  re- 
actions of  2,U»U~trijaethyl‘^,3<>epoxypentane  is  illustrated  in  the 
followii^  scheme  of  reactions  t 
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,0 

(083)30-0  . 0.^ 

CR3 


HlckinbottOB^^*’’^  believM  that  tha  epoxide  is  the  parent  c<»- 
pound  of  all  the  producte  ehlch  he  has  obtained  ly  oxidation  of  the 
trimethylpentenes  with  either  peracetic  or  diroodc  acid.  C<»ieidereb3e 
doubt  has  been  expressed  by  various  investigators^^"^  that  foroation 
of  the  allylic  alcohol  and  of  the  aldehyds,  reqodrlng  eigration  of  two 
altgrl  grotq;>s  and  a bydrogen  aton,  proceeds  from  an  epoxide  intermediate 
under  the  reacticm  conditions  eoployed  for  epoxidatian. 
seem  to  jxrefer  to  consider  the  glycol  as  the  parent  conpound.  This 
would  bo  an  interesting  subject  for  extensive  investi^tion. 


CHAPIE&  U 

SCOPE  AND  LDOTATIORS  (F  DIEPQXID&TIOH 
Inttroductlon 

Fran  th*  emneratloa,  in  (%apt«r  I (pp,  3-^)>  of  the  diepox- 
idee  idiidi  hare  been  prepared.  It  is  seen  that  comparatively  few 
diepmddee  have  been  oade,  althoo^  mx>3d.datian  is  an  old  proeedtore 
and  diolefins  are  eosBierclally  available.  This  loagr  be  even  surpris- 
ing, cmslderlng  the  utility  of  epoxidation  as  a tool  in  structural 
analysis^®*  and  the  wide  use  of  epooysthane  both  in  the  labora- 
toxy  and  in  the  plant.^^  The  variety  of  c<xqpomds  ehioh  can  be  aade 
fron  epoxides  should  have  excited  the  curiosity  of  investigators  in 
the  fields  of  pore  organic  chesistiy  and  of  fine  chenleals  such  as 
<3bres,®^*®  perftB»s,^  phaimceuticals,^*^  and  detergents.^ 

Possibly  the  fundaaental  reason  that  dlepaxidation  is  not  acre 
cotBBon  is  that  no  coherent  stixir  of  diepoxldatlQn  has  ever  been  pub- 
lished. Therefore,  an  attenpt  aill  be  aade  in  this  dissertation  to 
describe  the  present  status  of  various  methods  of  dlepaxidation. 

Peradds 

The  use  of  organic  peracids  is  generally  accepted  as  the 

n 

easiest  imj  to  prepare  epoxides  of  moirwolefins.  Their  use  has  be<m 
found  essential  for  preparing  dL^poxides  from  hydrocarbons  eith 
isolated  double  bonds.  The  instability  of  organic  pwaoids  has  proved 


n 
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a great  handicap  in  these  {^theses  since  it  has  been  necessaxy  to 
prepare  a fresh  supply  for  each  eaqperimmt.  They  hare  not  been  cora» 
oercially  available.  Becently,  hoverar,  a 1»0  per  cent  solution  of 
peracetic  acid  in  acetic  acid  eas  put  on  the  mazicet.*  It  is  easier  to 
prepare  than  perbensoic  aeid^  idilch  still  aust  be  sade  in  the  labora> 
tozy  as  needed.  Perbezooic  acid  can  zreadily  be  obtained  dzy  and  almost 
pure,  ehile  peracetic  i^id  cam  be  concentrated  by  yacuum  distillation 
conveniently  only  to  88  per  cent.  Pure  peracetic  acid  can  be  obtained 
by  freeaii^  and  centrifuging  of  a concentrated  solution  a naabev  of 
times.  As  Svem^'^  has  xx>iz)ted  out,  it  is  an  ideal  reagent  for  larger 
scale  reactions  and  nd^t  be  enployed  in  making  diepootidation  a com- 
mercial process.  Although  • glacial  acetic  acid  solvcaxt  ireacts  slowly 
with  the  epoxlds  ring  at  room  taaperaturcj  loser  tenperatures  the 
rate  of  epoxidation  iapraotioally  low  in  many  cases.  Therefore, 
glycol  acetates  are  usually  appreciable  by-prodoots  from  the  epoxidap> 
tion  of  olefins  In  acetic  acid.  This  disadvantage  can  be  eiinlnated 
largely  ly  canylng  out  the  epoxidation  either  by  dissolving  both 
reactants  in  a neutral  dry  organic  eolvwit,  such  aa  ether  or  chloro- 
fana,  using  hi^  concentrated  peracetic  acid,  or  by  dissolving  the 
olefin  in  a small  amount  of  the  inert  solvent  and  adding  the  eoncw- 
trated  perscid  to  it,  utilising  fact  that  peracid  oxidatloas  are 
bimolecular.®®  Both  methods  have  been  usedj  ly  either  method  only  a 
«nall  amount  of  daoonposition  product  ia  obtained.  Tha  greater  speed 
of  oxidation^^  of  a double  bond  by  peracetic  acid,  coi^ared  to 
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perbensoic  acld^  also  helps  to  keep  the  yield  of  epoad.de  appreciable 
ehflci  peracetic  add  Is  tuied*  IT  the  solfurle  add  used  to  liberate 
perbenzdc  add  la  not  thoroughly  eaa^ed  out  of  the  organic  solution 
of  peradd  and  if  a trace  of  adstiire  reotalns  in  tho  solution  during 
reaction,  lydrolysis  and  estwification  of  the  epoxide  faemd  occurs 
to  yield  a glycol  oonobensoate. 

Fonaation  of  glycds  is  'Uie  Biain  cause  of  failure  to  obtain 
dlepoxides  ulth  this  type  reagent.  The  effect  of  adds  has  already 
been  aentloned.  In  the  opidon  of  the  eriter,  the  major  cause  of 
hydration  is  the  presence  of  an  ^[>predable  aaount  of  eater  in  the 
peradd  solution  due  to  iiMffident  drying.  Sodium  nilfate,  the  rec<Ha- 
mended  drying  agent  for  perbensde  add,  is  not  satisfactory  for  drying 
solvents  to  be  in  contact  elth  die^xuddes  later.  At  best,  these  deriv- 
atives are  not  very  stable.  Anhydrous  ealcitsa  sulfate  eas  added  to  a 
diolefin  solution  before  reaction  trith  perbensde  add  in  moist  ohloro- 
forsu  E]q>exlm3nt8  indicate  that  its  use  is  not  advisable  since  it  mas 
found  to  destroy  the  perbensoic  acid.  It  is  north  the  time  required 
to  dry  the  solution  by  stirring  with  sodltoB  sulfate,  then  to  concen- 
trate the  peracetic  add  solution  or  to  distill  as  rapidly  as  posdde 
all  the  chloroform  fraa.  ‘tiw  perbensde  add  preparation  at  10-20  am. 

Hg.  pressure.  The  peracetic  acid  concentrate  or  the  perbensoic  add 
crystals  are  dissolved  in  dry  etlwr  and  the  solution  standardised.* 
This  procedure  gives  a peradd  solution  rea<^  for  oxidations. 

*Bther  seems  better  than  chloroform  as  a reaction  medium. 
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It  has  besD  reported  that  olefins  having  all^  groups  in  the 

88-91 

TIX17I  position  are  very  <pjlck]y  oadLdised,  hot  a positive  dLepoac- 
ide  eas  not  dbtalned  froA  2«5'*<)iJBBt}7lhexadi6ne-ly5  after  standing  In 
a chlorof om  soltction  of  perbensole  acid  for  two  dSQrs  at  room  tenpera- 
ture*  The  presence  of  an  aryl  group  In  the  molecule  reduces  'Uie  speed 
of  Qzidaticin.^  CcnJugatl(Hi  of  a double  bond  eith  another  double  bond 
results  in  marked  resistance  to  oaldation.^*^^’^*^ 

The  only  stateanfits  of  the  limitations  of  methods  of  diepoxi- 
dation  mere  made  ty  Prileshaev^  and  by  Sweni.^'^  Only  S«arn*s  state- 
ment— ^the  usual  solvent,  glacial  acetic  acid,  tor  peracetic  acid  opois 
the  epoxide  ring  at  tiie  rate  of  about  one  per  cent  per  hour  at  2$^, 
yielding  tydromy  acetosy  compounds— has  not  required  modification  in 
the  li^  of  later  eork,  Prlleshaev^  stated  lhat  pwbensoie  acid  and 
possibly  other  peroxides  are  useless  for  the  epoxidatlon  of  diolefins 
with  conjugated  doable  bonds.  Rein^l^  and  than  Putamerer  and  Reindel^ 
published  eork  in  oogq>lete  agreement  sith  the  above  statement.  They 
could  oxidise  butadi«w-l,3  and  2-a»thyIbutadieD»-l,3  to  the  rtnw 

by  using  perbensoic  acid  in  etfcyl  chloride.  Later,  hosever,  five 
exceptions  to  the  statement  about  non-reactivity  of  peracitto  mlth  con- 
jugated double  b(mds  mere  publl^ed.  Bauur  and  found  that  both 

cyclopentadiene-1,3  and  l,l*-debydrodi(o7clqpe(ntadiene-l,3)  react  mith 
perbensoic  acid  in  more  than  molar  ratios,  and  isolated  l,l*-delydro- 
di(cyclopentadi«ie-l,3)  dioxide.  Salt^  deteminod  from  the  rate  of 
disappearanee  of  peracetic  acid  during  its  action  upon  fatly  acids 
having  conjugated  and  uncoojugated  double  bonds  that  oxidation  did  not 
stop  abruptly  after  the  first  double  bond  in  the  conjugated  acid  had 


35 

been  epooddised,  bat  that  the  reaction  eas  cmly  greatly  slowed  doen, 

Karrer  and  Jocker^  Isolated  a dl^p<xclde  of  the  eonjogated  deoaolefiB, 

li2 

p -carotene*  The  dlepoxides  of  1^3*<ycl^]«zadlene  and  ds-phenyl- 

batadlene^  have  also  been  prepared. 

Howefver,  Parlleshaev*  s stateaent  aboot  oonjogated  doable  bonds 
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reaains  essentially  tree*  In  his  om  * eozlc  and  in  that  of  other 
investigatorsf^^^  it  has  been  found  that  a double  bond  o<mjugated 
with  a earboi^T’l  or  caxhcayl  group,  as  sell  as  with  another  eaxbon-to- 
eaxbon  double  bond,  is  resistant  to  oxidation. 

Prileshaerr*8  work  in  the  field  of  terpene  eheaistiy  was  indeed 
so  outstanding  that  perbensoie  acid  is  eooEKmly  used  in  this  lidLd.  A 
^rt  discussion  of  its  uses  therein  s«rves  to  illustrate  another  lind- 
taticn  of  peracids. 

Prileshaerr  htarolf^^^®'®®  used  ihe  chemical  almost  entirely 
to  identic  terpenes  by  epoxidatioi.  Roverver,  by  his  method  of  oxida- 
tion, certain  terpenes  absorbed  axjgm  frca  the  pturacld  quentitatively. 
This  led  Haaetkin  and  Bzyusova  to  use  ths  acid  to  distingtdidi 
between  doable  bonds,  whicdi  absorb  oxygen,  and  ^rimethylene  rings, 
which  do  not.  Furthanaore,  they  estimated  the  proportion  of  unsatu- 
rated terpenM  in  iopure  samples.  Rusicka,  at  similarly 

determined  the  nv^vr  of  doable  bonds  in  c<.  — and  /3  -asyrins  and  their 
deriwatives.  These  detersdnations  are  based,  of  course,  upon  the 
nuufcer  of  active  oxygen  atoms  absorbed  by  a imit  wei^xt  of  terpene  in 
the  presence  of  exoess  perbensoie  acid.  The  excess  active  oxygm  is 
determined  iodonetrlcaUy.  However,  lle«nreln,  et  pointed  out 

that  coopounds  of  the  type  for  exan^le  cai^^ene  o(— 
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feneheno,  and  bensalacetcma  abaoarb  aare  than  one  atoa  of  active  oaQrgen 
per  doable  bond  cmsc  a period  of  sevwal  dagre,  introdacing  a aerioua 
error.  Re  suggested  the  use  of  rate  of  (nddatlon  to  differentiate 
aaong  various  terpenes.  It  eas  found  later  by  Boeseken,  et 
that  perbeosolc  or  peradd  acid  reacts  with  benaalaeetone  to  give  2- 
phenorletheqyl  acetate.  Recently  Friess^^  reported  that  perbenzoic 
acid  oadLdiaes  s<»ae  slag>le  ketones  to  esters.  The  reaction  ncgr  be 
illustrated  as  foUoss,  Share  R*  ^ R i 

0 0 0 0 

RC  . R«  4.  - O-  OH  R(f-(»»4'  - CH 

As  eould  be  expected,  peraclds  aay  react  dth  triple  bonds,^*^^  but 
ooogKKUids  having  a sluruoture,  -CsCU,  probably  do  not  eodst  in  nature. 

Tet,  despite  the  fact  that  poracids  react  only  very  slowly 
with  a ^kioble  bond  conjugated  with  another  double  bond  but  do  react 
with  ooiq>oands  having  aj^jarently  no  oxidisable  structure,  perbeosolc 
acid  is  still  used  occasionally  to  estimate  unaaturatioo  in  carotinoi^®^ 
and  plastics.^^ 

DehydrtAalogenatiwt  of  Halohydrlns 

The  preparation  of  i^pooddes  by  treatment  of  an  olefin  by 
aqueous  hypochlxupous  acid  solttbioi,  followed  by  di^drohalogenation 
with  caustic,  has  been  the  usual  laboratozy  method.  Certainly  not  eo 
■any  epoxides  have  been  prepared  by  other  asttods,  scu*  ae  drtydratlon 
of  g^lyeols,  trea^unt  of  olefine  by  peraoids,  or  direct  catalytic 
oxidaticm  of  olefiiM  by  oxygen  or  air.  The  last  method  is  used 
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cooBiierelally  for  the  preperatlon  of  eposQrethane, 

In  the  preparaticn  of  diepoxLdes,  hcnrerer,  halogeoation  can  be 
elldter  an  extreoelj  poor  aathod  or  the  onljr  practical  one*  For  the 
preparation  of  dl^paxidea  trca.  dioleflns  containing  isolated  double 
bombi,  the  aethod  is  definiteljr  not  recomn ended  because  of  the  diffl- 
oult^r  of  preparing  the  dl«<dilorohQrdrin  in  good  yield  and  of  naintaining 
pressure  sufficiently  loer  for  its  effldeat  fractionation*  The 
author  eas  unable  to  distill  the  dl>K^orohydrins  either  of  heocadiene~ 
1,5  or  of  isoMBzlo  methylpentadieQes  at  0*5  s>a>  Bg  eithout  extensive 
dBcoapositloQ.  The  davelopaent  of  aoleeular  stills,  particularly  of 
Ibe  falling  film  type  made  entirely  of  glass,  may  alknr  purification. 
DlepCTides  made  by  of  di-halobydrins  were  usoi^ly  produced  by  add> 
ing  caustic  either  to  the  rasidoe  left  after  distiUation  of  the  ether 
extractant,  as  in  the  ease  of  the  diepoxidatiQn  of  hexadiene-1,5  or  to 
solid  di-hali^drlns  such  as  2,5-dibroaDhexanediol<-3»i»  or  l,l>-diehloro- 
2,3<4tLhydrozybutane. 

Dl-4ialobydrlns  of  dLolefins  containing  conjugated  double  bonds 
seas  to  be  solids,  on  the  basis  of  the  halohydrins  of  butadiene-1,3 
and  hexadi«Qe-^,4|  since  they  are  capable  of  b^ng  reexystallised, 
hi^-vaeuum  fraetimaticais  are  xKit  retjuired.  This  is  indeed  fortunate 
because  diepoxidatlan  by  way  of  dl-halobydrins  is  the  aaly  general 
method  available  for  c(»ijugated  diole^ns*  Its  value  is  based  tg>on 
the  additicm  of  halogens  in  the  l,l»-po8lti(ms  of  e<«ijagated  doxble 
bonds  in  the  cold,  whi(di  causes  fonsation  of  a doable  bond  in  the  2,3- 
position*  This  double  bcKul  can  be  hydrated  to  a glycol  by  oxida- 
tion,  yielding  a l,U'*dihalo-2,3*'*dihydroay  compound* 
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This  sethod  is  Halted  \jy  the  difficulties  of  porijQrlng  Hqxd.d 
dl>-haloh;/<trin8  and  of  separating  traces  of  halides  f^rom  the  diepoxlde, 
the  final  product.  Substituents  on  the  carbon  atom  in  the  2-  or  the 
3->  position  cause,  tqpon  oxidation,  foroation  of  tertiary  alcohols. 

These  alcohols  are  very  sensitlre  to  beat  or  strong  alkalis.  Sobstio 
ticbion  Igr  this  nathod  in  the  1—  or  the  If*  position  should  facilitate 
dLepaxidation.  Tields  are  not  high  at  any  stage  of  the  pirooess.  Di> 
halohydrins  eontainlng  aUcali-eanaitive  structure  not  supposed  to  be 
z*eBKnred;  such  as  aldahsrdes,  esters,  nitriles,  brcaaides,  or  iodides; 
cannot  be  diemncidised. 

However,  the  method  is  applicable  to  moat  coaBorclally  availr* 
able  diolefins  since  they  contain  systems  of  conjugated  doable  bonds. 
Furthermore,  pure  conjugated  diole^bis  can  be  produced  with  less  diffi- 
culty and  expmise  than  those  with  isolated  double  bonds.  loprovaaents 
in  methods  of  agitation  and  rectification  should  increase  the  yields 
of  tnteraediates  and  of  dlepoxides.  The  problsms  involved  in  the  pro- 
dootion  of  any  conjugated  dlepozlde  found  coanercially  use:^  are 
challenging  but  should  not  be  inalterable. 

Other  Methods 

Reports  of  the  isolation  of  dlepoxides  ty  other  methods  have 
been  cited  in  C9uipt«r  I,  pp.  >-$,  but  the  methods  described  do  not 
aitear  promising. 

Braun  and  Ifuzicb^^  Isolated  vezy  raall  quantities  of  latture 
dlepoxides  as  by-products  of  the  decoitoaition  of  diaialnes. 
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Adaoss  and  Etanr  txsed  alkaline  b^drogen  peroxide  tc  dlepoxidlze 
aeetylhelenalln,  a ketotrlolefln  having  one  unecnjngated  double  bond. 
PSydrogen  peroxide  la  a more  powerful  oxidizing  agent  than  paraoids, 
tmt  the  yields  cf  dlepoodLde  asre  rather  loir  and  the  oethod  la  not  tmat- 
worthy.  The  oxldLaing  power  of  this  reagent  may  al«o  affect  other 
parta  of  the  molecule,  such  aa  labile  t^jrdrogen  atoms. 

The  drtydration  of  tetrabydroxy  glycols  would  pxobably  load  to 
unsattirated  alcohols,  craddng,  etherification  or  polymerization. 

Bven  If  dlepcxidee  were  formed,  they  would  be  likely  to  form  coygenated 
rings  each  as  furea  derlratires. 

Direct  catalytic  oxidation  of  diolefins  is  a process  that  may 
be  found  wi»kable.  This  method  would  Involre  passing  oxygen  or  air 
mixed  with  dlolefin  -vapor  over  beds  of  catalyst,  removing  the  oxldixed 
product  as  it  is  condet»ed,  and  recovering  or  reeyellng  the  uoreactad 
material.  The  eciq>en3e  of  the  research  to  dsteroine  optimoa  reaction 
conditions  could  be  Justified  only  Isy  a laz^,  read^  market  for  the 
products  obtained. 


CHAPTER  m 


ElCPERIMEmL  ^RK 
Preparation  of  Intenaediatas 

Peracetic  acid  is  coanerolaliy  sfallable.  Pez^jmsiole  acid, 
hoeever,  is  not  on  the  narket  and  therefore  nust  be  made  ehenerecr 
needed. 

Pert>en5Boic  acid  has  been  prepared  by  nine  aethodst  (l)  by 
acidaLaticn  of  sodiTim  pexbensoate  fomed  trcm.  sodina  ethozidB 
or  aathoxide'^  and  benscyl  peroxide;  (2)  from  bensoyl  chloride  and 
sodiTxa  peroxide ; * (3)  bensoic  acid  and  bydrogen  pOToxidej^^ 
(U)  ffoo!  an  acetone  soltztion  of  bensaldebyds  and  acetie  anhydride  in 
an  a1aeosi*ere  of  osygen;^^""^^  (5)  by  the  action  of  nltxariolet  radia- 
tion on  bensaldebyds;^^  (6)  by  treataent  of  bensaldehyde  with  oxygen- 

oBone  BixtTxreB;^®"^^  (7)  by  the  reaction  of  bensoie  acid  eith  aione;^^ 

128  129 

(8)  by  bydrolysie  of  benscyl  acetyl  pearoxide  «i^  sodium  ethoxlde;  * 

and  (9)  by  the  treatment  of  bens<dc  anhydride  eith  allcaline  aeneous 

solutions  of  persalts  or  bydrogen  peroaetda,^®*^^^^ 

109 

The  method  of  Braun  eas  used,  obtaining  the  peracid  by  the 
aeticax  of  sodium  Bethadds  in  anhydrous  methanol  vqpon  bensoyl  peroxidte^^ 
in  dry  chlorofcurm  f oUoeed  by  aeidulation  eith  dilute  sulfuric  acid 

4 

and  extraction.  C<»Boercial  methanol  eas  dried  by  stirring  for  an  hour 
eith  flake  oaxistic  to  remore  IqpuritieB,  such  as  formaldehyde,  and 
most  of  the  eater,  foUoeed  by  refluxing  over  magnesium  turnings  for  a 
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few  hoars  before  distillation.  The  chlorofotrm  nas  dried  hy  stirring 
with  flake  eaustlo  to  reaore  the  hT'dz’ogen  chloride  foraed  ty  dry 
chloroform  on  standing,  and  hbs  distilled.  The  {xirifloatian  of  sol- 
vents is  not  stressed  in  the  description  of  the  {o'ooedare  used,  bat  it 
has  been  found  to  Influenee  yields  greatly.  The  procedure  mas  modi- 
fied by  use  of  dry  ice  and  aeet<me  instead  of  an  Ice-ealt  mixture  to 
cool  the  solution  dcring  the  addition  of  the  benscyl  peroxide  and 
throughout  reaction.  These  modificati<»s  were  designed  to  avoid 
a lc»g  period  of  addition  of  bensoyl  peroxide  solution,  since  an 

extended  addition  period  <K»g>lioate8  tenperature  control. 

I 

Chlorofom  mas  usually  used  to  extaract  the  peracld  from 
a<taeous  solution  before  dlepoxldation.  However,  since  low  yields  of 
diepoxides  in  this  project  are  attrlbated  to  insufficient  drying  of 
the  solution  and  since  sodium  sulfate,  an  ineffieient  drying  agent,  is 
the  only  one  recommended  for  drying  solutions  of  pwEbansoie  acid,  it 
is  considered  wise  to  Isolate  the  dry  add  by  solvent  evaporatiai  and 
to  fransf ^ it  to  an  anhydrous  solvent  before  using  it  as  an  ortAieing 
agent.  The  products  involved  obviate  the  use  of  ether  for  the  extrac- 
tion althou^  a veiy  IcsMadling  solvent  vould  be  desirable. 

Commerdal  sodium  methoxids  has  been  found  very  inferior  to 
that  made  in  the  laboratory  by  dissolving  sodium  mstal  in  methanol. 

The  major  difficulties  in  this  project  have  been  encountered 
in  the  preparaticm  of  Ihe  diolefins  rather  than  in  the  qmthesis  of 
•tee  diepoxi^.  Powerful  stirring  motors,  rigid  stirrers,  a supply  of 
large  strong  flasks,  and  efficient  fractionation  apparattm,  requisite 
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for  aaxlBna  perforaanee  In  8u<di  a project,  hare  not  been  arailable, 

f 

etnoe  they  are  usaaUy  feasible  in  the  collegiate  oz^ganie  research 
lal»ratoiy. 

Doable  bonds  occur  in  alnost  all  of  the  fenr  coansrcialiy 
available  diolefins.  Diolefins  eith  isolated  doable  bonds  are  ostally 
aade  by  a ifurts  reaction,  using  one  or  aore  halo^efins  In  ether  suit« 

n 

able  for  Qrignard  reacticms.  The  haloolefins  used  in  this  project 
either  are  caaBterciaUy  available,  sach  as  alljrl  and  nethallyl  chlo- 
rides, or  were  aade  aore  or  less  easily.  Among  those  prepared  were 
l-<hlorobut«oe*3  and  isomeric  erotyl  chlorides. 

Isonerlc  erotyl  (borides  were  aade  by  redaction  of  dried 
redistilled  technical  grade  erotonaldebyde  according  to  the  proeedxre 
of  Nystroa  and  Bromn.^  The  alcohol  aas  chlorinated  by  the  technique 
of  Charon.'^^*'^'  Atteoqpts  to  prepare  the  chlxndLds  fra&  btztadLene  and 
dzy  bydrc^en  chloride  in  glacial  acetic  acid  by  the  direct  aethod  of 
Kharaach,  Criteheva^,  and  Mayo^®  failed  because  a heavy  glass  tube 
could  not  be  mads  eith  a closux*e  strtn^  enough  withstand  the  gas 
pressure  existing  before  reaction.  It  was  considered  dangerous  to 
seal  the  i»ok  of  the  tube  with  a flams.  Redaction  of  crotonald^da 
by  alumlmai  isopropylete^^*^  gave  low  yields  of  alcohol,  probably 
because  of  iiqiurltles  in  the  redacing  agent.  AluBdnTDa  isopropylate 
can  now  be  purchased.* 

The  preparation  of  l-chlorobtztene-3  is  difficult  without  the 
heavy  reaction  e<|aipaent  awxtioned  above.  Jxtvala^  found  that  the 

Tennessee  Eastman  Corporati<m,  Eingsport,  Tennessee 
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best  yield  of  l*43atenol«4i  eas  obtained  -when  one  laole  of  aUyl  broBd.de 
in  90  blL.  of  anliydroui  ether  vas  added  to  one  is^le  of  fine,  dried 
oagaesium  ttomings.  Snffieieat  allyl  brondde  eas  not  available,  eo 
the  bromide  vas  used  only  as  a starter;  the  chloride  mas  used  during 
the  z'eoainder  of  Ihs  reaeuion.  The  use  of  twice  as  anoh  ether  as 
directed  was  necessary  to  make  the  reaction  mass  at  all  workable.  The 
yield  of  alcohol  was  about  7$  per  cent.  (Juvala^^  reported  26  per 
cent.) 

The  (Holeflns  were  prepared  by  modiflcatians  of  the  procedure 
described  by  H«me  and  Chanan^  and  by  Henne,  Cbaxan,  and  Turk.^ 
The  method  used  in  this  laboratozy  want  A solution  of  about  seven 
moles  of  pure,  d*y,  mixed  chlorides  of  the  allyl  structure  dissolved 
in  ^00  ml.  of  pure,  dzy  dietbyl  ether  was  added  to  four  mol«i  of 
magnesium  turnings  covered  by  200  ml.  of  ether  in  a three^liter  three- 
nedced  flask  equipped  with  a self-vented  additian  funnel,  both  of 
whi(di  had  been  previously  flamed  to  desoxt>  anistore  on  their  walls. 

The  flask  was  provided  with  a mercury-sealed,  rigid  stirrer  equipped 
with  a stainless  stml  continuous  arc  blade  curved  to  fit  the  bottom 
of  the  fla^,  and  an  efficient,  hl^-capaci'fy  condenser  cooled  with 
ice  water.  Since  an  extreowly  rigid  stlrm*  attacdiment  was  required, 
the  shaft  of  the  stirrer  was  screwed  directly  Into  the  drive-shaft  of 
a low-speed,  hlg^i-torque  one-ei^h  horsepower  motor.  Additional 
speed  control  was  supplied  by  a transformer.  This  equipment  is  also 
required  for  the  preparation  of  1-butenol-H. 

The  allylic  chlorides  solution  was  added  as  fast  as  the  con- 
denser capacity  allowed.  Stirring  was  continued  overnight,  when 
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possible}  ofth»*ffisa,  inccnqplefbeljr  reacted  aagnesium  eas  scraped  dcwn 
Into  the  reactloQ  sone  and  the  mixtirre  mts  allosed  to  stand  crremi^ 
vith  tapHsater  running  throng  the  c<mdenser«  The  xxse  of  a large  bath 
of  hot  oil  is  dangerous.  It  would  be  better  to  use  a cosaercial 
nantle  having  a pgrroanter.  The  flask  was  then  heated  gradually  in  an 
oil*-bath  to  2$cP»  The  distillate  was  collected  in  a receiver  cooled 
by  an  ice-«alt  aixture  to  adniadae  the  loss  of  dLolefins^  since  evoi 
those  which  boil  abonre  100®  are  qcdte  volatile.  This  procedure  allows 
recovexy  of  Qrignard  ether  and  obviates  the  need  for  drying  agents. 

Such  siaall  aauunts  of  reactants  usually  reiaain  that  retreataent  with 
nagnesim  is  not  necessary  and  the  distillate  can  be  fractionated 
inediately  over  sodium.  A fractionating  column  as  efficient  as 
possible  should  be  used  because  meobers  of  diolefin  mixtures  are  not 
ea^  to  isolate.  Ihm  fairly  pure  and  thorougjily  dry  allylic  chlo- 
rides are  used,  the  weig^  of  mixed  dioleflns  obtained  trxm  a aynthe- 
sis  carried  out  as  described  above  is  at  least  $0  per  cent  theoretical. 

The  preparation  of  dl-halobydrins  was  attei^rted  nteierous  times 
in  or(ter  to  duplicate  -tiie  methods  of  syntheses  described  in  the  liter- 
ature and  to  prepare  a dlepoxide  from  a commercially  available  dlolefin. 

All  attoapts  to  duplicate  Prsytytek»s  synthesls^^  of  1,6- 
dichloro-2,5-dilKydro*yh«xane  by  direct  hypochlorlnation  of  1,^-haxa- 
diene  failed.  A purple  or  a brown  oil  resulted  fSrom  treatment  of  the 
diolefin  with  hypochloroue  acid  pr^jared  by  the  method  deecribed  in 
^gnic  theses,  2r»d  ed..  Coll.  7ol.  I,  p.  As  would  be 


expected,  the  oil  could  not  be  purified  either  by  dLstillation  at 
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0*5  BBU  Hg  presstire  or  I7  steam  distillatlcm*  Ev«i  superheated  steam 

mas  ineffective*  Treatment  of  the  crude  di-ohlorohiy'drin  remaining 

after  distillation  of  the  ether  extracted  ei'Ui  powdered  potassium 

hsrdroxlde  followed  bgr  fMctiooaticm  at  atmospheric  pressure,  as  was 

described  in  the  original  article,  gave  thexnal-deeoi^sitian  products 

only.  Sifldlar  failure  resulted  rroa  efforts  to  synthesise  the  di~ 

ehlorohydrlns  of  eowDeroially  available  isomeric  metlylpeatadienes.  A 

batch  of  the  ether  exiuraet  was  filtered  and  distiUedi  -Uie  residue 

would  not  freese  in  an  aoetone-dzy  ice  bath*  A similar  residue  decooH* 

posed  upon  distillation  at  0*5  am.  Rg  pressure. 

A more  complicated,  indireet  method  has  be«a  published  by 

llUi.lM 

Detoeuf*  His  mathod,  involving  the  prepaiation  of,  and  hypo-> 

chlorination  with,  V'-chlorocaxbamide  (maootdilorourea),  gives  excellent 

results  and  is  now  widely  used  in  France*  This  method  of  synthesis 

was  not  atteapted  in  this  stu^* 

The  stepwise  preparation  of  the  di<4>ro3aohydrins  of  isomeric 

methylpmtadimss  by  w^  of  l,lt-additioQ  of  bromine^  followed  by 

Vi 

mild  oxidatlan  to  a was  attempted  several  times*  The  dibromo> 

aeUylpentenes,  bj^  76*5-78*5®,  were  obtained  in  reasonable  yield, 
about  liO  per  eoit,  but  oxidation  of  the  olefin  to  a glycol,  nsing 
5 per  cent  aqueous  potassium  peraanganate  solution  was  unsatlsfactoxy* 
The  heavy  precipitate  of  manganese  dioxide  b7~produot  was  roBoved  from 
the  oxidised  dibxnmcaethylpent«rie  in  aqueous  alcohol  bF  suction  fil- 
tration throng  coarse  papa>.  The  filtrate  was  clarified  and  decolor- 
ised by  addition  of  a small  amount  of  dilute  sulfuric  acid  and  sodium 
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blsulfit*,  then  concentrated  ^ yacuo  to  half  Its  voluae.  k 
tenperature  belosr  3$®  daring  the  concentration  is  preferable.  The 
oonoentrate  aas  saturated  vlth  sodium  chloride  azui  SKtraotad  aith 
ether.  The  ethereal  extracts,  hovever,  did  not  ecmtain  wiv^  oxidised 
dibroawpentanej  and  the  latter  product,  a 7elloaF-broiai,  a»bile  fluid, 
dacoBiposed  distiUatioa  at  5 am,  Hg.  So  atteapt  eas  aade  to 
isolate  the  dibroaoglycol  tgr  crystallisation  in  a freesing  aixtaro. 

Reconsideration  of  the  experimental  results  suggests  that  con- 
centration of  the  filtrate  firoa  the  reaction  should  haye  bean  con- 
tinued to  a oaall  yoltaae  at  tesB^peratures  belosr  3$®,  until  the  start  of 
precipitation  of  inorganic  salts.  Then  extraction  of  the  concentrate 
with  equal  yoluaes  of  ether  wculd  reaoye  almost  all  of  the  glycol  frcei 
its  aqueous  solritlon.  Thorou^  drying  of  the  extracts  and  vacuoit 
evaporation  of  the  solvent  at  or  below  ro^  temperature  ehruild  yield 
the  crude  dibroaoglycol  containing  a little  solyent.  The  concentrate 
■ight  thoi  be  solidified,  in  a freesingHsixture  if  neceeaazy,  and 
finally  reciystallised.  There  is  a strong  possibility  that  (me  of  the 
hrdroayl  groupe  in  the  dibronoglycol  is  tertiary;  a tertiary  lydrtayl 
gromp  would  decrease  -Uie  resistance  of  the  coapoond  to  ttie  heat  leyel 
neceesaBTr  for  its  isolation  and  purification.  It  will  be  nbted  that 
the  di-bi^Mohydrin  prepared  by  Duden  and  Lenane,^  2,5-dihroiao-3,U- 
dihydroxyhexane,  does  not  contain  a tertiary  l^ydroxyl  group,  k 
farther  Inyeetigation  of  this  method  of  preparing  di^^xides  should 

prove  instructlye.  The  writer  has  prapared  seyerel  unsaturated 

alcohols  suitable  for  conyersitm  into  conjugated  diolefins  and,  in 
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addltl<m,  A fenr  pure  dioleflns  are  eaaaerclaUljr  availabla;  therefora, 
the  feasibility  of  the  laethod  can  soon  be  asoertaijied* 

Preparation  of  Diepoixliles 
General  Proeedure  of  Diepoocidation 

Ho  oethod  for  Vam  foraatlon  of  dieposldas  tram  dL-halo]ydrins 
can  be  described  frc»  the  experience  of  the  eriter  because  of  his 
failure  to  obtain  reasonably  pfore  di-halohydrlns.  Procedures  of 
drtydrohalogenation  of  Hx>no-hal(^drlns  described  in  the  literattxre 
laost  be  consulted  for  details. 

The  Tise  of  peracids  for  direct  conyersion  of  dLolsfins  coaw 
taining  Isolated  double  Ixmds  into  diepozictos  has  been  the  ealn  subject 
of  investigation  in  this  laboratory.  8eem^^  has  eritten  an  excellent 
rsTiew  of  peracids  and  their  uses  for  oxidation  of  aonoSlefins.  How- 
ever, considering  ttie  Inwily  of  details  of  experimental  methods  for 
epoxidation  of  dideflns  by  peracids,  as  mentitmed  in  the  literature, 
tl»  writer  is  describing  at  length  the  method  of  synthesis  which  he 
has  evolved  in  the  course  of  preparing  the  diepcoddea  obtained  in 
this  project.  Modifications  of  procedure  can  be  easily  in  order 
to  raise  the  yield  of  any  particular  diepoxide  aynthesiaed. 

The  dtolefin  is  dissolved  in  anhydrous  chloroform  in  a three- 
necked,  round-bottomed  flask  equipped  with  a fast  mechanical  stirrer, 
a dropping  funnel,  and  a lowwtemperature  thermometer.  The  solution 
in  the  flask  is  cooled  by  sn  acstc»e-diy  ice  bath  to  a tenperature  of 
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abottb  >^0^  initially*  The  poracid  solutim>  ivhieh  has  been  cooled  in 
an  acetone-dzy  ice  bath  to  is  added  in  a thin  streaa  daring 

'figoroas  stirring.  The  teapemture  of  the  solution  at  the  end  of  the 
addition  period  dioold  not  be  greater  than  -ICP.  This  precaution 
obriates  the  need  for  a Icmg  period  of  addition  and  ainisdsee  the 
sensitivi'fy  of  the  reactants  to  local  excesses  of  reagost.  When  the 
addition  is  orer^  the  cooling  bath  is  reooved.  Stirring  is  e<»xtiimed 
until  the  to^jerature  of  the  solution  rises  above  that  of  the  roon 
and  then  returns  to  rooa  teeperature.  The  reacticn  temperature  has 
nev«r  risen  above  kCP  (in  a solvent  of  chlorofora)»  but  it  is  advis- 
able to  cool  the  flask  if  its  contents  rea^  teBg>orature8  mudi  hi^er 
than  30°*  The  solution  is  then  stored  at  ro<xB  ttnqperature  until 
determination  of  excess  active  oxygen  indicates  that  the  reaction  is 
at  least  90  per  cent  conplete.  Accurate  dsterminati<ms  of  excess 
oagrgan  are  possible  only  if  spontaneous  decoi^wsition  in  the  solution 
is  avoided.  The  additicm  of  10  per  cent  bmsene  usually  sill  prevent 
spontaneous  decomposition  of  the  peraeid  in  chloroform.  Tba  reaction 
requires  three  to  seven  dcys  in  chlorofOTm.  (Anhydrous  other  is  the 
preferred  solvent  according  to  the  literature,  but  great  difficulty 
has  been  experinieed  In  obtaining  reasoamble  yields  of  pezbensoic 
acid  tpon  removal  of  chloroform. ) 

The  chloroform  is  thai  treated  as  foUoest  Apy  residual  desi- 
ccant is  separated  and  aay  of  the  acids  present  are  removed  hy  extrac- 
tion elth  a mixture  of  ice  and  $ W sodium  hydroxide  solution.  For 
extra  protection  of  the  diepoxides,  the  solution  is  then  washed  with 
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diluba  caxlxjnlc  add  tustil  the  'washings  becone  addle*  At  least  two 
'washings  are  required  in  order  to  ensixre  coo^lete  renewal  of  perheor- 
solo  and  bensoic  acids*  The  solution  is  'then  dried  over  soditm 
sulfate  and  distilled  on  a steaa  bath*  The  residue  is  filtered 
throu^  dense  p^>erf  and  the  last  traces  of  solvent  are  rsaoved  bgr 
aspiration  on  the  steaa  bath.  The  residue  is  finally  rectified  ^ 
vacuo  throu^  a short  Vigrem:  eoluan,  using  an  oil  bath  as  the  source 
of  heat*  A colorless,  rather  viscous  liquid  is  obtained,  smelling 
like  perfums*  The  attalna«:t  off  reasonably  hi^  purity  requires  at 
least  t^uree  rectifications*  DiepoxidM  not  osHy  are  corrosiTS  to 
stainless  steel,  the  usual  packing  of  the  more  effldent  fraetionat>- 
ing  colunns,  but  also  are  not  generally  vexy  stable  toward  heat*  The 
use  of  eolunBis  much  more  efficient  Hum  the  Vigreuz  type  is  thorefore 
disadvantageous*  It  is  advisable  to  storm  diepooddes  in  a refdger- 
ator  because  of  their  resetivlty  and  low  themal  stability* 

Pr^Mration  of  New  C^^KTunda 
(A)  Synthesis  of  2<4iet))yl-l,2|5,6<*diepo3yhexanei 

®3  ? p 

H20iC.JCH2CH2C=CH2  2 C^C  -CMH  ^ 

9«3  H 0 

H2C-C-CH2CH2&-ffl2  ♦ 2 C^<f-0H 

V 'o 

A freshly  prepared  solution  of  0*720  moles  perbenzolc  acid  in 
l500  al.  chloroform,  dried  one  hour  by  stirring  with  anhydrous  sodium 
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sulfate^  ms  added  to  li3*5  g®«  (0«3U0  aoXes)  of  2HBethy’lhsxadieoe-l,5 
in  l55  dry  chlorofom  wittdn  an  hour.  The  reaction  was  carried 
out  as  described  In  the  preceding  s«d;ion.  Stirring  was  continued  tor 
four  hours  after  the  end  of  the  addition  of  peracid,  corresponding  to 
three  hours  after  the  reactlcm  tenpeseture  of  37^  had  been 

reached.  The  solution  was  allowed  to  stand  at  room  temperature.  At 
the  end  of  el^ty-flve  hours»  lodoaetrio  titration  showed  that  the 
reactiOT  was  100  per  cent  ecBg>lete  and  autodecoa|)osition  of  the  per- 
acid  had  b^un.  The  solution  was  worked  vsp  as  described  in  the  pre- 
ceding section. 

After  five  rectifleations,  the  diepcndde  showed  no  further 
porifleation.  The  yield  was  U.2  gau , corresponding  to  2^.7  per  cent 
of  the  theoretical  aaount^  based  upon  the  2Hgettyl  haacadl  ene-l»$  used. 

The  following  0ysical  constants  and  analytical  data  ware 
daterained  f<»*  this  compounds 


B.p. 

70.0-71.0® AO  wu 

1.1*393 

0.9^8  gflu/aole 

33.873 

c,  % 

Tbswretleal,  6$,$9t  found,  6$»$2 

H,  % 

Theoretical,  9.1ils;  found,  9.^0 

Theoretical,  2lu97|  found,  ^.33 
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(B)  S!7nth*3i8  of  l,2-l^?o»y<«3i-(epoxy«t’hQrl)c3rcloh8xanai 


0 — ► 2 -OH 


A freshljr  prepared  solution  of  0*U88  aoles  i>erbenBolc  acid  In 
1^00  lal.  chlorofom,  dried  one  hour  stirring  with  sodiua  sulfate, 
was  added  to  25*0  gm.  (0.23l5  moles)  3-ethen3rl(^lohexene-l  in  7$ 
dzy  chloroform  within  an  hour*  The  reactlcm  was  carried  out  as 
described  in  the  preceding  secti<m*  The  maximoa  temperature  of  the 
solution  was  not  detezmlned. 

The  reaction  was  (xmplete  within  forty-eight  hours  standing 
at  room  tea^erature*  The  solution  was  worked  as  described  pzwwiousiy. 
The  oil  obtained  is  a sli^tly  rLsoous,  sweet-smelling  liquid  soluble 
in  organic  solvents.  The  yield  was  15*0  ga.,  corresp<aiding  to  10*7  per 
cent  of  theoretical,  based  upon  the  3'-ethonyloyclohexene-l  used. 

The  following  physical  constants  and  analytical  data  were 
determined  for  this  coqpoundi 


n2J-0 

D 

d27.0 


B.p, 


92*0-93.0°>^  am. 
1.U753 

1.0876  gm./aole 

36.305 


H,  % 


C,  % Theoretical,  68.56}  found,  68.1b 

% Theoretical,  8.63}  found,  8.83 

Epoay-0,5^^  Theoretical,  22.82}  found,  21.6b 
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Deteraimitlon  of  Atomio  Refiraetlyltir 

Inasmuch  as  this  research  project  has  been  directed  toward  the 
deterntnatioa  of  the  atonie  reAractiwl'ty  of  ep03Qr-O3Qrgenf  greater  care 
had  to  be  taken  in  deterainatlcm  of  solar  zwAractirLty  than  Is  usually 
required. 

The  diepoxldes  were  purified  as  thoroug^ily  as  possible  by 
rectification  to  Taeuo,  The  index  of  refiraetlons  were  datenaLned  on 
an  ordlnaxy  Abbe  retoactosMter  which  had  been  calibrated  against 
toluene;  2,2,lHirtoethylpentaae|  and  nethylcyclc^exane}  the  refiractive 
IndLces  of  idildi  hawe  been  certified  by  the  Kational  Bureau  of 
Standards.  The  densities  were  deterained  by  enclosing  to  a wented 
noisture-tight  container  an  mistqppered  dvisily  bottle  filled  with  the 
saaple.  The  container  and  density  bottle  were  kept  tomsrsed  to  the 
bath  which  sig^lles  water  of  constant  teaperatixre  to  fAie  retoaetooster 
priams.  The  tei^perature  of  the  bath  was  0.3®  lower  than  that  of  toe 
prisas,  but  the  tioe  of  transfer  of  toe  density  bottle  and  contents 
toom  the  bath  to  toe  balance,  where  the  bottle  was  stoppered,  wiped 
off,  and  WKighed,  was  calculated  to  allow  a teoperature  rise  of 
0.2-0.1i®*  The  (tensity  bottle  has  a capacity  of  $ ml,  and  was  weired 
to  four  significant  figures. 

The  molar  refiractirities  were  determined  on  a calculatii^ 
machine  to  (xily  four  signifi(sant  figures  be<Muse  of  uncertainly  to  the 
density  detensination.  The  maxlTimm  absolute  error  introduced  by  this 
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degree  of  uncez’tainigr  Is  orUy  0*00^  ml*)  according  to  the  equation, 


6 n 

(n2  - 1)  (n2  4-  2) 


Vn 


Vd 

d 


ehare 


7 Is  degree  of  error^ 

R is  molar  refraction, 
n is  refiraotiin»  Index,  and 
d is  density. 


Fajans^^  recoTsaends  that  "in  conpating  molar  refractions  the 
experimental  -values  of  the  nearest  homologous  substances  be  used  ahen- 
ever  possible."  This  advice  has  been  foUovred  approximately  by  sub- 
tracting from  the  «>lar  refractirlties  of  the  diepoxides  the  molar 


refTactlvities  experimentally  determined  on  the  corresponding  saturated 
hydrocazbons  minus  the  calculated  values,  It.UOO,  of  -the  four  replaced 
hydrogen  a-boea.  The  differences  between  the  molar  refract ivitles. 


divided  by  tso,  represent  the  atoado  refTactlvily  of  each  eposqr-axygen. 


This  procedure  yielded  a rariaticm  of  oaly  0«Q3  ml.  out  of 


1«Q^  ml.  (98  per  cent  precision) • 


RKmcrivTrr  of  epoh-oxiow 


3U 


•0  s ^ ^ s 

ilrli 

J s A s 

H H H H 

O Q ^ 1 g 

2 5v,  6?8) 

;£  » & s 

• « • • 

H H H H 

Molar  Refraction 

l| 

r>-  M M nS 

«»\  0\  \r\  O 

• • • • 

v\  O' 

<NI  w 

•8 

1 

~ S P » 

CNJ  CO 

• ' . • - ♦ • 

^ 0\  fn  'O 

CM  W l*> 

11 

|l 

SO  o o 

S ^ 0\  ^ 

3 3 & 

• ' • • • 

iH  r*l 

B 

1 

so  o o 

8 

g S « I 

• • • • 

iH  O rM 

Molecular 

Weight 

p ;9  s a 

i i i i 

•g 

CM  • 

j j « 'f  a 

0 O ••  S T*  *S 

1 & 5,8  fea 

h h si  || 

cmS.  |l 

H H CM  f^  t 

p. 

jo 


I 

s 


1 

I 


SUIOURI 


This  research  project  has  yleldsd  the  following  resiiltst 

(1)  The  atoole  refractlTiiy  of  epos9r*^27gen  has  been  fonnd 
to  be  1*^  at  27^*  using  the  D-lines  of  sodium.  Their  value  is  in 
good  agreenent  with  that  of  Flores-Qallardo  and  PoUardr'-^ 

(2)  Two  new  diepoxides,  '2-«wtbsrl-l,2|^,6-diepox3rhexane  and 
l,2-^8igr-4)-epox7eth7l(7olohexane,  have  been  prepared  and  their 
pl^sioal  constants,  as  well  as  those  of  l,2|5>6~dlepaac7heKane,  have 
been  determined. 

(3)  An  analysis  of  methods  of  diepoacidaticn  has  been  given, 
and  a general  method  of  ^oxidation  of  diolefins  with  isolated  double 
bonds  bgr  the  use  of  perbensoic  acid  has  been  described  in  detail. 
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